Introduction desired in cases of deep endometriosis, then combining vaginal gestrinone with an HDAC inhibitor would be preferable to using gestrinone alone. The combined use of gestrinone with epigenetic drugs is a novel and highly effective treatment for deep endometriosis-related pain.
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In these initial studies, resveratrol was used orally. Aberrant aromatase expression occurs concomitantly in both the eutopic endometrium and in the endometriotic lesions, and can be considered an instigator of the epigenetic changes occurring in this disease, since it is a consequence of the hypo-methylation of the promoter gene for this enzyme. The persistence of aromatase expression may therefore be used as a marker of progesterone resistance [5] . In endometriosis, it is also common for various degrees of progesterone resistance to occur, caused by the partial silencing of the progesterone receptor-B gene, thus hampering medical treatment with continuous progestins or oral contraceptives in an extended regimen [6] . This results in the recurrence of pain and menstrual-like bleeding, leading to treatment failure and leaving repeat surgeries as one of the alternatives for these patients.
More recently, the use of a 19 nor-testosterone (19NT) derivative, gestrinone (GTN), administered by the vaginal route in Pentravan ® in association with oral RVT, proved highly effective for the treatment of endometriosis-related pain in patients who failed to respond to progestin therapy [7] . In these patients, the combined use of vaginal gestrinone with oral resveratrol and Pinus pinaster extract rendered them pain-free by the end of the third month of treatment. Although total pain scores had already decreased significantly after one month of gestrinone treatment, The patients were divided into three groups. Although pain scores were similar at baseline, allocation of the patients to the individual groups was not randomized. The study was open in that both the patients and their attending physician were aware of the treatment. In Group I (n=16), patients were treated for six months with vaginal gestrinone (5 mg/ml) in Pentravan ® twice weekly, together with pycnogenol (100 mg) and silimarin (400 mg) taken daily by the oral route. Six of the patients in this group (37%) had uterine fibroids as well as endometriosis, and seven had concomitant adenomyosis (43%). In group II (n=8), the patients received the same treatment with gestrinone as those in Group I, together with the daily vaginal administration of resveratrol(100 mg/ml) and vitamin D3 (5000 U/ml) in Pentravan ® . As with Group I, Pinus pinaster (100 mg/day) and silimarin were used orally. Four patients in this group had uterine fibroids (50%) and three had adenomyosis (37%). In Group III (n=6), the patients received the same gestrinone treatment as those in the previous groups, but valproic acid (250 mg) in Pentravan ® was also used daily by the vaginal route. Three patients in this group also had uterine fibroids (50%) and three had adenomyosis (50%) in addition to endometriosis.
Statistical analysis was performed using Student's t-test for paired samples to evaluate pain scores and the chi-square test to evaluate differences in percentages, with p-values<0.05 being considered statistically significant. However tests for normality of distribution were not applied since the number of enrolled patients was small in all groups.
The study was conducted at the Instituto da Mulher, Itaigara Memorial Day Hospital and was approved by the institute's internal review board. All patients enrolled gave informed consent after being explained of the purpose of the study was to alleviate pain in this patient population which had failed to respond to other hormonal therapies.
Results

Effect on pain scores
In Group I, the combined treatment of vaginal gestrinone in Pentravan ® associated with oral silimarin and Pinus pinaster extract resulted in a significant decrease in the mean pain score from a mean of 9 at baseline to 3 after the first month of treatment. In Groups II and III, on the other hand, the use of vaginal VIT D3 with resveratrol or VLA led to a greater decrease in the mean pain score after 30 days of treatment compared to Group I. In both Groups II and III, the decrease in overall pain was greater than in the group using gestrinone alone, reaching a mean score of 1, which was significantly lower than the mean pain score of patients in Group I (p=0.01). Although the pain reduction was significant in all groups, it was much greater in the groups treated simultaneously with HDAC inhibitors after the first month of treatment. On the other hand, by the third month of gestrinone treatment, the patients in all three groups were amenorrheic and pain-free and they remained so throughout treatment ( Figure 1 ). The overall reduction in pain included not only dysmenorrhea but also the other forms of pain such as dyspareunia and dyschesia. At 6 months, all the patients in all the groups still remained pain-free.
Effect of Vitamin D3 on aromatase expression
In patients not using vaginal GNT alone (Group I) in whom hysteroscopy was carried out between 20 and 30 days after the initiation of treatment aromatase expression was still detected in 80% of the patients (8/10). In patients using vaginal resveratrol with vitamin D3 (Group II) in Pentravan ® , on the other hand, only 12% showed positive aromatase expression in the endometrium, a percentage that was significantly lower than that of Group I (80%) (p=0.006). In Group III, aromatase expression was detected in the first month in the endometrium of 2/3 patients (66%). There was a statistically significant difference between this percentage and that of Group II (p=0.04) but there was no statistically significant difference between the percentages in Group III and Group I (Figure 2 ). most patients still report pain at the completion of the first month of therapy, although the intensity of the pain is significantly less. Since these patients are chronic pain sufferers, if a treatment could be designed that would render them pain-free within a shorter period of time, this would certainly improve compliance with treatment. One possibility would be to combine gestrinone treatment with vaginal resveratrol and vitamin D3 in Pentravan ® to reverse the epigenetic changes that favor the development of endometriosis, while concomitantly blocking aromatase NF-Kappa B activation. Theoretically, this would result in a much faster reduction in pain. The combination of resveratrol and vitamin D3might exert a much stronger inhibitory effect on inflammation in the endometriosis lesions, since resveratrol increases the number of vitamin D3 receptors, thus enhancing their anti-inflammatory action [8] .
Another HDAC inhibitor currently used for the treatment of epilepsy and bipolar disorders is valproicacid (VPA). This medication has been previously used to treat pain in patients with uterine fibroids and endometriosis in conjunction with the levonorgestrel-releasing intrauterine system (Mirena ® ) [9] . However, neither VPA nor RVT with vitamin D3 (VTD3) has been used before in Pentravan ® for vaginal use. Theoretically, the use of gestrinone associated with HDAC inhibitors would lead to a much faster reduction in pain scores. The vaginal administration of either valproic acid or resveratrol with vitamin D3 together with gestrinone should increase the efficacy of the latter in reducing the painful symptoms associated with endometriosis, since this form of treatment would result in a faster reversal of the epigenetic changes that favor the development of endometriosis.
The present study was conducted to evaluate the effects of valproic acid or resveratrol with VIT D3, administered through the vaginal mucosa in Pentravan ® , on pain scores of patients with endometriosis undergoing treatment with GTN. The vaginal administration of with HDAC inhibitors was expected to be more effective by concentrating these drugs in the pelvis because of the phenomenon of the first uterine passage [10] .
Patient and Methods
This was an open study involving 30 patients of reproductive age (range 20-42 years) with deep endometriosis. The inclusion criteria were the presence of severe intractable pelvic pain. Previous treatment with dienogest or oral contraceptives was not exclusion criteria if the treatment had been discontinued three months prior to the commencement of the study. All patients were of reproductive age (20-45 year old) , nulliparous and were not desiring to get pregnant in a near future since the primary end point of the study was pain resolution and not fertility. Previous surgical treatment was not an exclusion criteria if pain had recurred at least one year following surgery. Endometriosis patients with associated uterine pathologies diagnosed by transvaginal ultrasonography such as were uterine fibroids (n=13) or and adenomyosis (n=13) were also included in the study.
The patients were initially interviewed by the same investigator (HM) and pain was assessed using a visual analogic scale (VAS) in which zero corresponded to the total absence of pain and ten to the worst pain imaginable [11] . A total pain score was calculated, which included dysmenorrhea, pelvic pain and dyschesia. When the patients gave different VAS scores for these different forms of pain, the one with the highest score was considered for the purpose of evaluation. Pain was assessed at the initial visit and again after the first and third months of treatment. Transvaginal ultrasonography was performed at baseline and again when the patients completed one month of treatment. Hysteroscopy with endometrial biopsy (n=21) was performed prior to and after one month of treatment to determine aromatase expression by immunohistochemistry.
Patients whose pretreatment endometrial biopsy tested positive for aromatase expression were submitted to a second hysteroscopy procedure irrespective of the treatment they were given.
Discussion
The present results show that the use of vaginal HDAC inhibitors potentiated the pain-relieving effects of gestrinone for the treatment of endometriosis-related pain in the first month of treatment. There was a significantly greater reduction in mean pain scores in Groups II and III compared to Group I; however, this difference dissipated in the subsequent months. This suggests that if a much faster reduction in pain were desirable in patients with deep endometriosis, then a combination of gestrinone with an HDAC inhibitor would be the treatment of choice. These initial results suggest that HDAC inhibitors may exert a potentiating effect on pain circuits there, which is in agreement with the findings of previous studies on the role of epigenetic changes associated with pain resulting from an inflammatory process [12] . Histone deacetylase (HDAC) inhibitors such as VPA acid or RVT act by preventing the removal of acetyl groups from histones, which have successfully improved the symptoms of pain in a number of animal models used for studying inflammatory diseases such as arthritis, colitis and hepatitis [13] [14] [15] . Endometriosis is also a typical inflammatory pathology, which would explain the prompt response achieved in terms of pain relief when HDAC inhibitors are used concomitantly with gestrinone.
The present results are also in agreement with previous findings showing an increase in HDAC activity in patients suffering with endometriosis and endometriosis-associated pain [1] [2] [3] . There is no doubt that there is a potential for the study of novel drug targets for the treatment of endometriosis-related pain. It is already clear from the few experiments that have already been conducted that HDAC inhibitors could be an interesting group of drugs to be tested in chronic pain sufferers. Currently, the selectivity of compounds such as VPA is limited and, consequently, if given systemically, side effects such as fatigue, nausea and diarrhea may occur. The use of the vaginal route, as reported here, as a means of administering VPA in Pentravan ® , may eliminate some of these unpleasant side effects while also potentiating the pain-relieving effects of gestrinone in patients with deep endometriosis. To the best of our knowledge this is the first report, albeit preliminary showing the effectiveness of VPA when used vaginally in Pentravan ™ to potentiate the analgesic effects of GTN in deep endometriosis patients.
Because of their relevance in the fight against cancer, the development of more selective and hence more tolerable HDAC inhibitors is a high priority, not only for research but also for the pharmaceutical industry [3] . With respect to pain, drugs that specifically block HDAC activity such as RVT or VPA would be of particular interest. There is some evidence suggesting that HDAC inhibitors may be involved in pain processing, since they are able to decrease inflammatory cytokines, thus relieving pain by decreasing inflammation [15] .
The use of VIT D3 with RVT also potentiated the inhibitory effect of GTN on aromatase expression in the endometrium of patients with endometriosis, thus confirming previous studies on the inhibitory effects of these substances on the expression of this enzyme [16] . VIT D3 may exert a pain-relieving effect on dysmenorrhea and this effect may be potentiated by the concomitant use of RVT resveratrol, which stimulates the synthesis of vitamin D3 receptors (VDR) [8] .
In conclusion, the association of resveratrol with VITD3 or VPA, together with gestrinone, administered vaginally in Pentravan ® , decreased endometriosis-associated pain in the first three months of treatment more effectively than the use of gestrinone alone; however, these differences dissipate after the third month of treatment. However due to the small sample of the study these results have to be considered preliminary and further larger trials are required to corroborate these findings .Despite these limitations our findings suggest that it is possible to use the vaginal route to administer gestrinone associated with other drugs in Pentravan ™ in order to treat endometriosis pain thus postponing the need for more invasive surgical procedures. One pitfall of this study, however, is the lack of data on the Pharmacodynamics of the used drugs so it is not possible to infer whether the best dosage or time of administration was used. The prompt response in terms of pain resolution in our group of patients with deep endometriosis supports previous studies on a biological plausibility for a role of VIT D3 and its receptor in suppressing inflammation in both eutopic and ectopic endometrium. The expression of the VDR and enzymes involved in VIT D3 metabolism also show dysregulation in endometriosis lesions when in animal models [16] . In mice, on the other hand, Elocalcitol a VDR agonist was shown to reduce the development and recurrence of endometriosis lesions [17] . Similarly in rats the administration of VPA together with progesterone significantly reduced endometriosis lesions and decreased its associated hyperalgesia [18] . These animal studies are in concordance with our findings showing that both HDAC inhibitors and VIT D3 with RVT may be promising agents to decrease hyperalgesia associated with deep endometriosis when used vaginally in Pentravan ™ in patients undergoing treatment with GTN. Open Access
